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Abstract
Background

Eisenmenger syndrome (ES) is associated with substantial morbidity and mortality. Patients at high risk may benefit from aggressive medical therapy or heart and lung transplantation. There is no consensus, however, on mortality risk stratification. We aimed to investigate survival and predictors of death in a large, contemporary cohort of ES patients. 

Methods

This was an international multicentre study aimed to  identify adults with ES under follow-up between 2000 and 2015. We examined survival and its association with clinical, electrocardiographic, echocardiographic and laboratory parameters. 

Findings

We studied 1098 patients (median age 34∙4years, range 16∙1-84∙4years, 65∙1% female, 31∙9% with Down syndrome). The majority had a post-tricuspid defect (n=643, 58∙6%), followed by complex (n=315, 28∙7%) or pre-tricuspid lesions (n=140, 12∙7%). Over a median follow-up of 3∙1years [IQR 1∙4-5∙9], allowing for 4361∙6 patient-years of observation, 278 patients died, 5 underwent heart and lung and 1 lung transplantation. Twelve parameters emerged as significant predictors of death on univariable analysis, including advanced therapy (AT) for pulmonary arterial hypertension (HR 0∙75, 95%CI 0∙59-0∙95, P=0∙017). On multivariable Cox regression analysis, only age (HR 1∙35/10years, 95%CI 1∙14-1∙61, P<0∙001), a pre-tricuspid shunt (HR 1∙97, 95%CI 1∙12-3∙46, P=0∙019), oxygen saturation at rest (HR 0∙61/10%, 95%CI 0∙46-0∙82, P<0∙001), six-minute walk test distance (HR 0∙67/100m, 95%CI 0∙54-0∙82, P<0∙001) and presence of a pericardial effusion (HR 2∙35, 95% 1∙33-4∙13, P=0∙003) remained significant predictors of death.  
Interpretation

There is significant and ongoing mortality amongst contemporary adults with ES. We report, herewith a multivariable mortality risk stratification model based on five simple, non-invasive predictors of death in this population. These predictors identify a high risk subgroup which may benefit from more aggressive therapy or transplantation. 
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Introduction
Advances in surgical and percutaneous interventions in patients with congenital heart disease (CHD) have greatly improved or even normalized survival prospects in recent decades.


1 ADDIN EN.CITE  However, Eisenmenger syndrome (ES), defined as evidence of pulmonary arterial hypertension with a non-restrictive intracardiac or extracardiac communication and cyanosis, remains a major complication of shunt lesions. It may develop in patients who, for various reasons, did not undergo early surgery for CHD, but may also occur in previously operated patients, for example due to ineffective banding of the pulmonary artery or a residual shunt. When ES develops, repair of the underlying defect is contraindicated; patients are, thereafter, managed conservatively or, occasionally, referred for heart and lung-transplantation.


2,3 ADDIN EN.CITE  
Patients with ES are severely limited in their effort capacity and are afflicted by significant morbidity and mortality. As a result of the chronicity of the disease and the multiple adaptive mechanisms, subjective perception of symptoms is often affected, with patients under-reporting symptoms, thus, making disease progression difficult to appreciate. Furthermore, a spuriously low mortality has been reported for adults with ES as result of methodological errors, which has been misleading for clinicians.


1,4 ADDIN EN.CITE  Finally, even though individual risk factors have been reported in relatively small cohorts of ES patients, we are currently lacking a multivariable model predicting mortality in ES. Such a model would be an essential tool for physicians, guiding management by identifying patients who are most likely to benefit from a more aggressive approach, including transplantation. 
The aim of our study was to examine survival and identify predictors of death in a large multicentre contemporary cohort of patients with ES. 
Methods
We identified data on all adult ES patients (over 16 years of age) under follow-up between 2000 and 2015 in 9 tertiary adult CHD and PH centres (Royal Brompton Hospital, London, UK; Rigshospitalet, Copenhagen, Denmark; Anzhen Hospital, Beijing, China; Children's Hospital and Brigham and Women's Hospital, Boston, USA; University Hospitals Leuven, Belgium; Academic Medical Center, Amsterdam, Netherlands; Jagiellonian University Medical College, Cracow, Poland; Second University of Naples, Italy; University Medical Center, Ljubljana, Slovenia). ES was defined as evidence of pulmonary arterial hypertension with a non-restrictive intracardiac or extracardiac communication and cyanosis.
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 Diagnosis had been established and confirmed by echocardiography, cardiac MRI and, in most cases, by cardiac catheterization. Baseline data were taken at the time of their oldest assessment in the adult unit, between 2000 and 2015. These included clinical status, transthoracic echocardiography, 12-lead ECG, six-minute walk test and laboratory tests. The parameters collected include all established univariate predictors of outcome in ES. Patients were grouped according to underlying cardiac anatomy into three categories: pre-tricuspid, post-tricuspid and complex. In the pre-tricuspid group, we included patients with large, non-restrictive atrial septal defects and no significant post-tricuspid lesions. The post-tricuspid group included patients with large, non-restrictive ventricular septal defects or patent ductus arteriosus and no large pre-tricuspid communications. The complex group included patients with both large pre- and post-tricuspid defects. Patients with isolated patent ductus arteriosus, are presented as a subgroup of the “post-tricuspid” category.
Electrocardiographic parameters, including rhythm, rate and QRS duration were collected manually from 12-lead electrocardiograms. Arterial oxygen saturation was recorded using percutaneous pulse-oximetry on a finger or, in patients with an isolated patent ductus arteriosus, on a toe. Oxygen saturation was recorded on air at rest and at peak exercise. Six minute walk test was performed according to ATS guidelines.8 

Transthoracic echocardiography was performed by experienced and certified operators. Presence of pericardial effusion was reported if the amount of fluid in pericardial space was graded as abnormal by the operator. Tricuspid plane systolic excursion (TAPSE) was recorded in the apical four chamber view on M-mode in the lateral portion of the sub-pulmonary atrioventricular valve. 

Laboratory data collected included albumin, brain natriuretic peptide (BNP), C-reactive protein and sodium concentration. Normal ranges provided by centres were very similar for all these parameters, except for BNP, for which absolute values are presented. Indeed the upper limits of normal varied significantly for BNP between centres and we present, therefore, the ratio of observed BNP values to the provided, centre specific upper limits of normal. C-reactive protein was measured in patients without any obvious infection and without prior recent blood transfusion or surgery, as previously described.
 ADDIN EN.CITE 
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 Advanced therapy for pulmonary arterial hypertension (AT), namely with phosphodiesterase inhibitors, endothelin antagonists or prostanoids, was assessed as a time-dependent variable, as previously described.
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 Data on mortality were retrieved from national databases or patients’ general practitioners’ records and were available in all patients. 
Statistical analysis

Data analysis was performed using R-package for Windows, version 3∙2∙2.11 Continuous data are shown as median and interquartile range, presented in square brackets. Comparison between two groups for continuous data was performed using Wilcoxon test while distribution for categorical data between groups was compared using chi-squared test. Survival analysis was performed for all-cause mortality. We used right censoring for patients confirmed alive at the time of data collection or last contact and for patients undergoing heart and lung transplantation at the date of surgery. We present survival curves using Kaplan-Meier method (Figure 1) and the survival between groups was compared using the log rank test. Association of single variables with survival was assessed using univariable Cox proportional hazard method. Proportionality of hazards was confirmed in each case using the “cox.zph” function in R-package “survival”. Univariable predictors with a P-value of less than 0∙05 were candidates for our multivariable Cox proportional hazard model. We only included in this multivariable model parameters with >80% data available, with the exception of the six minute walk distancewhich was entered in the model regardless.
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 A stepwise method with Akaike information criterion for selection of the most predictive set of parameters was used. Correlation was assessed using Pearson's or Spearman's rho, depending on data distribution.  All p-values are two-sided, and a p-value of below 0∙05 was considered of statistical significance.
Results

In total, 1098 ES patients fulfilled entry criteria. Table 1 shows the demographic and clinical characteristics of the patients. Median age at baseline assessment was 34·4 years [25·0-45·3]. Patients with pre-tricuspid shunt were significantly older at baseline (45∙7 years [34∙9-57∙7]), compared to patients with post-tricuspid (36∙2 years [25∙4-45∙6]) and those with complex lesions (29∙0 years [22∙2-37∙3], P<0.001 for both comparisons). The majority of patients were female (65∙1%) and the ratio of women to men was highest in the pre-tricuspid group (0.81). 
The majority of patients had a post-tricuspid shunt (n=643, 58∙6%), followed by patients with complex defects (n=315, 28∙7%) and pre-tricuspid lesions (n=140, 12∙8%). There were 83(#%) with an isolated patent ductus arteriosus and the vast majority were female (77∙1%). One third of patients had Down’s syndrome (n=350, 31∙9%) and most had a complex shunt (66%) followed by post-tricuspid defects (32%), with only 9(#%) having an isolated pre-tricuspid lesion.
Functional status, six-minute walk test and oxygen saturation

Approximately one half of patients had significant exercise intolerance (47% in WHO functional class III and 2% in class IV). The median walk distance on six-minute walk test was 360m [273-438] and was lower in patients with complex lesions (300m [230-368]), compared to those with post-tricuspid shunts (385m [300-455], P<0∙001) or pre-tricuspid defects (341m [270-433], P=0∙002). There was a weak, but statistically significant negative correlation between WHO functional class and six minute walk test distance (r=-0∙38, P<0∙001). The median oxygen saturation at rest was 85∙0% [80∙0-90∙0] and was lower in patients with a complex lesion (83∙0% [79∙0-88∙0]), compared to patients with a pre-tricuspid (88∙0% [83∙5-91∙0]) or post-tricuspid defect (85∙0% [80∙0-90∙0], P<0∙001 for both comparisons). There was a weak but statistically significant negative correlation between oxygen saturation at rest and WHO functional class (r=-0∙24, P<0∙001) and a weak positive correlation between oxygen saturation and six minute walk test distance (r=0∙27, P<0∙001). The lowest oxygen saturation during six minute walk test was 69∙0% [60∙0-77∙0] and the drop in oxygen saturation during exercise was lower in patients with pre-tricuspid shunts (11∙5% [6∙0-15∙5], P=0∙003) compared to post-tricuspid (15∙0% [10∙0-20∙0]) or complex shunts (14∙0% [8∙5-21∙0], P=0∙027). Oxygen saturation on peak effort did not correlate with WHO functional class or six minute walk distance. 
Electrographic and echocardiographic data

The vast majority of patients (94.9%) were in sinus rhythm at baseline. Amongst the remainder, 59% were in atrial fibrillation or flutter, 27% in paced rhythm, 7% in junctional rhythm and 7% in an ectopic atrial rhythm. 

A pericardial effusion was identified in 9∙2% of patients and in no cases was it haemodynamically significant, i.e. there were no cases of tamponade. A pericardial effusion was more common in patients with complex lesions (16∙3%, P<0.001), compared to patients with pre-tricuspid (10∙8%) or post-tricuspid shunts (5∙4%). It was also more common amongst patients with Down syndrome (19∙9% vs. 5∙5% in the remainder, P<0∙001). 
TAPSE was reduced (<16mm) in 36∙4% patients. A reduced TAPSE was more common in patients with a pre-tricuspid (41∙5%) or post-tricuspid shunts (34∙7%), compared to patients with complex lesions (20∙6%, P=0∙001 for both comparisons). Patients with Down syndrome were less likely to have an impaired TAPSE, compared to patients without Down syndrome (15∙9% vs. 39∙8%, P<0∙001). There was no significant difference in TAPSE (18∙0mm [14∙0-20∙0] vs. 18∙0mm [15∙0-20∙4], P=0∙20) or the proportion of patients with impaired TAPSE (38∙0% vs 29∙8%, respectively, P=0∙19) between patients with and without pericardial effusion. In patients with a pericardial effusion, six minute walk distance was lower (260m [220-350] vs. 370m [290-441], P<0∙001), whereas C-reactive protein was higher (4∙1mg/L [2∙0-10∙2] vs. 2∙0mg/L [0∙6-5∙0], P<0∙001). 
Treatment with AT for PAH
Overall, 405 (36∙9%) patients were on AT for PAH at baseline. The proportion of patients on therapy was significantly lower in patients with Down syndrome (18∙6 vs. 45∙5% in the reminder, P<0∙001). At baseline, most patients (88.4%) were on monotherapy with an endothelin receptor antagonist (ERA, 41∙7% of all treated patients), phosphodiesterase-5 inhibitor (PDE5i, 38∙8%) or a prostacyclin analogue (PGI2 analogue, 7∙9%). Dual combination AT was employed in 10∙9% of patients (ERA and PDE5i in 7∙7%; PDE5i and PGI2 analogue in 2∙7%; ERA and PGI2 analogue in 0∙5%). Only a very small number of treated patients (0∙7%) were on a triple therapy with an ERA, PDE5i and a PGI2 analogue. During follow-up, a further 324 (29∙5%) patients were commenced on AT and AT was discontinued in 39 patients (5∙7%), with 690 (62.8%) patients on AT by the end of the study.
Survival and predictors of mortality

The median follow-up time was 3∙1 years [1∙4-5∙9] and allowed for over 4361∙6 patient-years observation time. There were 278 deaths, 51 in the pre-tricuspid, 130 in post-tricuspid and 97 in the complex shunts subgroup. Five patients underwent heart and lung transplantation and one patient lung transplantation; these patients were censored at the time transplantation. On Kaplan-Meier analysis (Figure 1) the unadjusted 5-year survival was lower in the pre-tricuspid group (55∙6%, 95%CI 46∙1-67∙0%) compared to the post-tricuspid (76∙6%, 95%CI 72∙4-80∙9%, P<0∙001) and complex-lesion group (71∙4%, 95%CI 65∙7-77∙6%, P=0∙011); there was no significant difference in survival between the post-tricuspid and complex-lesion groups. 

Table 2 presents the results of the univariable Cox regression analysis for mortality. Overall, twelve parameters emerged as significant predictors of death, including age, type of shunt, WHO functional class >II, lower oxygen saturation at rest (but not oxygen saturation at peak exercise), absence of sinus rhythm, a lower six minute walk distance, the presence of pericardial effusion,a lower TAPSE and albumin, higher brain natriuretic peptide and C-reactive protein and lack of treatment with AT. Based on the pre-set criteria for parameter selection, the following parameters were tested in the multivariable model: age, WHO functional class, type of shunt, oxygen saturation at rest, presence of sinus rhythm, presence of pericardial effusion and AT. Six minute walk test distance was available in 628 (57∙2%) patients but this parameter was included in the multivariable model as it was previously shown to be highly predictive of outcome, superior to WHO functional class and frequently used in both clinical practice and in randomized clinical trials.
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 The six minute walking distance was predictive of outcome on univariable analysis both in patients with and without Down syndrome (HR=0∙60 per 100m, 95%CI 0∙41-0∙88, P=0∙009 and HR=0∙55 per 100m, 95% CI 0∙44-0∙68, P<0∙001, respectively). Table 3 presents the five parameters that remained predictive of mortality in the multivariable model. These included age, presence of pre-tricuspid shunt, oxygen saturation at rest, six minute walk test distance and presence of pericardial effusion. Figure 2 presents the estimated 5-year mortality based on the multivariable model. The same parameters remained in the model when analysed without six-minute walk test distance and after stratification for WHO functional class.
Discussion

Our data show ongoing, significant mortality in a large, contemporary cohort of adults with ES. Survival prospects vary significantly for these patients depending on age, underlying shunt type, oxygen saturation at rest, six minute walk distance and the presence of a pericardial effusion. We present, herewith, a multivariable risk stratification model predicting mortality based on five simple, non-invasive parameters, which can assist clinical care, including optimization of therapy and referral to transplantation. 
ES is a multi-organ disease and multiple factors may contribute to premature death.
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 Therefore, similar to other conditions, prognostication tools needs to take into account several parameters. Age, is clearly, one of the most powerful determinants of mortality in this cohort. It has been suggested, that mortality increases significantly in adult ES patients after the 4th decade of life.17 Our data suggest, however, that even in this group of patients survival prospects may be relatively sound, providing resting saturations and six minute walk distance are good and there is no pericardial effusion. 
Level of shunting was also a strong determinant of outcome in our study as in previous studies.
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 The majority of patients with an atrial septal defect tend to tolerate increased pulmonary blood flow well; most of them will not develop pulmonary vascular disease and, thus, are suitable for repair.20 Therefore, It appearsthat ES in patients with a pre-tricuspid shunt results both from the cardiac lesion and from individual patient’s predisposition to adverse pulmonary vascular remodelling with its negative impact on survival. In addition, contrary to patients with a post-tricuspid shunts, , pressure loading of the right ventricle develops relatively late in life. Thus, right ventricular adaptation fails or may be incomplete with resulting right ventricular dysfunction and failure.21 As demonstrated by Moceri et al., careful echocardiographic assessment may, thus, provide valuable, additional prognostic information in ES.
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 However, there have been no agreed international protocols for echocardiography in ES to date, particularly for the assessment of the right ventricle. As a result, TAPSE, although predictive of outcome in our univariable analysis, was not included in the multivariable model, as it was not available in more than one fifth of patients. 
Pericardial effusion was the only echocardiographic parameter that remained in the multivariable prognostic model and was associated with an over 2-fold increased risk of death in our study. The nature of the pericardial effusion, which was present in a significant proportion of our patients (9∙2% overall, 15∙8% in patients who died) and its relation to outcome remains unclear. Pericardial effusions are common in patients with idiopathic pulmonary hypertension or pulmonary hypertension associated with connective tissue disease;23 and are a marker of advanced disease, associated with right ventricle overload and dysfunction. In contrast, there was no relation between ventricular function and pericardial effusion in our cohort. Interestingly, patients with pericardial effusion had significantly higher serum C-reactive protein levels, suggesting that inflammation may play a role, as there were no clinical signs of active infection. 

Oxygen saturation was a strong predictor of outcome in ES in our study, similar to previous studies.
 ADDIN EN.CITE 
12,13
 Oxygen saturation, in this cohort, reflects the extent of right to left shunting but also mixed venous saturation, i.e. cardiac output, and the oxygen carrying capacity of the blood. Oxygen therapy can improve oxygen saturations in ES patients, even though no long-term beneficial effects have been established.24,25 ES patients typically develop secondary erythrocytosis, which enhances their oxygen carrying capacity and hence oxygen delivery to peripheral tissues.26 Hence, while reduced oxygen saturations is a marker of increased mortality, it is not necessarily the cause for it. 
Six minute walk distance, as in previous studies, was a significant predictor of outcome, outperforming WHO functional class in our multivariable analysis.12 In contrast to the study by Van De Bruaene et al., six minute walk test distance was also predictive of outcome in patients with Down syndrome.13 Assessing functional in this population is extremely difficult and changes are difficult to discern and document. A high inter-observer variability in assessing functional class has been reported in chronic heart failure and functional class often does not correspond to objective measures of exercise performance.27 This is likely to also be the case in patients with ES, in whom a phenomenon of chronic adaptation of ordinary activities to their functional ability is well described. In patient with Down syndrome, this is likely to be accentuated by the presence of learning difficulties. Every effort should, therefore, be made to use objective measures of exercise performance in patients with ES, rather than relying solely upon WHO functional class.
The introduction of ATs for PAH has revolutionised the management of ES patients, with an established record of safety and efficacy in improving pulmonary haemodynamics, functional class and exercise capacity, as well as possibly prolonging survival.


10,14 ADDIN EN.CITE  The association between ATs and an improved survival was confirmed on our univariable model in this much larger study. This is despite the fact that ATs are still currently used predominantly in patients with more advanced disease (functional class 3 or above) and the univariable analysis would, thus, be expected to yield no relation to outcome. ATs did not remain a predictor of outcome in the multivariable model, as other clinical parameters appear to be more strongly associated to mortality. 
Our study has several potential limitations. The follow-up time was relatively short (median of 3.1 years), compared to previous studies.
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 This can also be a strength; clinical parameters change over time, particularly in deteriorating patients. If follow-up is long, these parameters need to be analysed as time-dependent variables. This may complicate data collection and introduce bias due to missing data. The high number of patients (n=1098) and events (n=278) in our study has compensated for the length of follow-up. The 5-year mortality estimates provided in Figure 2 are accurate most of all for patients with better prognosis. The difference between the upper and lower 95% confidence intervals on Cox model increases with increasing predicted mortality. 
Our study has several important implications for the management of patients with ES. In our cohort only 6 (0∙55%) patients underwent heart and lung or lung-only transplantation, while 278 patients (25∙3%) died. One could argue that death in ES represents failure to transplant, even though a minority of ES patients are formally assessed and worked up for transplantation due to numerous challenges associated with transplantation in this population. Selection criteria and the appropriate timing of referral to transplantation remain uncertain for adult patients with ES, who often remain stable over several decades but develop multiorgan failure towards the end of their life. At this point many patients are not suitable for lung transplantation because of comorbidities or complex cardiovacular anatomy. The mortality around and after heart and lung transplantation remains high, approaching 55% at five years, while availability of organs remains low in many countries.30 
In conclusion, there is significant and ongoing mortality amongst contemporary adults with ES. We report herewith five simple, non-invasive predictors of death in this population, namely age, underlying shunt type, oxygen saturations, six minute walking distance and pericardial effusion. Furthermore, we provide five-year predicted mortality model, thus identifying for the first time high risk subgroups, which may benefit from earlier and aggressive therapy for PAH or transplantation. 
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Tables

Table 1: Baseline demographics, clinical data and laboratory tests.
[image: image1.emf]All patients

n=1098

Alive

n=820

Deceased

n=278

P-value

Demographic data

Age at baseline, years 34·4 [25·0-45·3] 32·0 [23·7-42·7] 42·2 [31·4-52·7] <0·001 *

Female 715 (65·1%) 537 (65·5%) 178 (64%)    0·71

Male 383 (34·9%) 283 (34·5%) 100 (36%)    0·71

Down syndrome 350 (31·9%) 241 (29·4%) 109 (39·2%)    0·003

*

WHO functional class (I/II/III/IV) 1/50/47/2% 1/56/42/1% 2/30/61/7%    0·017

*

Shunt characteristics    

Pre-tricuspid 140 (12·7%) 89 (10·9%) 51 (18·3%)   0·002 *

Post-tricuspid 643 (58·6%) 513 (62·6%) 130 (46·8%) <0·001 *

Complex 315 (28·7%) 218 (26·6%) 97 (34·9%)   0·010

*

Isolated PDA 83 (7·6%) 77 (9·4%) 6 (2·2%) <0·001 *

Electrocardiographic data    

Sinus rhythm 1019 (94·9%) 789 (96·9%) 230 (88·5%) <0·001 *

Heart rate, 1/min 77 [69-86] 76 [69-87] 78 [69-86]    0·92

QRS duration, ms 110 [101-120] 110 [100-120] 110 [104-123]    0·41

Six-minute walk test parameters    

Walking distance, m 360 [273-438] 375 [294-450] 294·5 [230-347] <0·001 *

Oxygen saturation at rest, % 85 [80-90] 86 [80-90] 82 [76-88] <0·001 *

Oxygen saturation at peak exercise, % 69 [60-77] 70 [61-78] 65 [58-74]   0·008 *

Echocardiographic parameters    

Presence of pericardial effusion 85 (9·2%) 56 (7·5%) 29 (15·8%) <0·001 *

TAPSE, mm 18·0 [15·0-20·0] 18·0 [15·0-21·0] 17·0 [13·0-20·0]   0·003 *

Haematology and biochemistry tests    

Albumin, g/dL 41·0 [36·5-45·0] 41·9 [38·0-45·0] 36·9 [32·0-41·0] <0·001 *

Brain Natriuretic Peptide, ULN 2·4 [0·9-8·8] 2·3 [0·8-7·9] 4·5 [1·7-14·6]   0·014 *

C-reactive Protein, mg/L 2·0 [0·7-6·5] 2·0 [0·6-5·0] 5·0 [2·0-11·1] <0·001 *

Sodium, mmol/L 139 [137-141] 139 [137·1-141] 139 [137-140]   0·09


PDA, patent ductus arteriosus; TAPSE, tricuspid annular plane systolic excursion; Brain Natriuretic Peptide presented as ratio to the upper limit of normal (ULN). (*) denotes statistically significant differences (P<0.05). 
Table 2. Results of the univariable Cox regression analysis.
[image: image2.emf]Parameter Unit HR P-value

Age 10years 1·43 1·32 - 1·55 <0·001 *

Female gender - 0·96 0·75 - 1·22   0·73

WHO functional >II - 1·99 1·52 - 2·61 <0·001 *

Down's syndrome - 1·07 0·84 - 1·36   0·61

Shunt type

Pre-tricuspid shunt - 1·81 1·33 - 2·45 <0·001 *

Pos-tricuspid shunt - 0·68 0·54 - 0·86   0·001 *

Complex shunt - 1·11 0·87 - 1·42   0·40

Isolated PDA - 0·35 0·15 - 0·78     0·010 *

Advanced therapy for PAH 0·75 0·59 - 0·95

  0·017

*

ECG at rest

Sinus rhythm - 0·45 0·31 - 0·66 <0·001 *

Heart rate 10/min 1·01 0·85 - 1·19   0·94

QRS duration 10ms 1·09 0·98 - 1·22   0·13

Six minute walk test parameters

Oxygen saturation at rest 10% 0·59 0·50 - 0·69 <0·001 *

Oxygen saturation at peak exercise 10% 0·84 0·70 - 1·03   0·09

Walking distance 100m 0·62 0·52 - 0·74 <0·001

*

Echocardiography

Presence of pericardial effusion - 2·36 1·58 - 3·52 <0·001 *

TAPSE 10mm 0·56 0·35 - 0·88   0·013

*

Haematology and Biochemistry Tests

Albumin g/dL 0·43 0·34 - 0·56 <0·001 *

Brain Natriuretic Peptide quantile 1·37 1·09 - 1·72   0·007 *

C-reactive Protein 10mg/L 6·89 4·20 - 11·29 <0·001 *

Sodium 10mmol/L 0·63 0·39 - 1·02   0·06

95% CI


PDA, patent ductus arteriosus; PAH, pulmonary arterial hypertension; TAPSE, tricuspid annular plane systolic excursion; Brain Natriuretic Peptide unit - quantile of the ratio of BNP to upper limit of normal. (*) denotes statistically significant differences (P<0.05).

Table 3. Results of the multivariable Cox regression analysis.
[image: image3.emf]Parameter Unit HR P-value

Age 10years 1·35 1·14 - 1·61 <0·001

Pre-tricuspid shunt - 1·97 1·12 - 3·46   0·019

Oxygen saturation at rest 10% 0·61 0·46 - 0·82 <0·001

Six minute walking distance 100m 0·67 0·54 - 0·82 <0·001

Presence of pericardial effusion - 2·35 1·33 - 4·13   0·003

95% CI


Figure Legends
Figure 1. Survival by underlying shunt type. 
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Figure 2. Predicted 5-year mortality. 
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Predicted 5-year mortality in patients with Eisenmenger syndrome, based on a multivariable Cox regression model using age (in years), underlying shunt type, presence of pericardial effusion (PE), six minute walk test (6MWT) distance and oxygen saturation (SO2) at rest (on room air). 
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